Abstract. The effect of the particle-number projection on the electric quadrupole moment (Q 2 ) of even-even proton-rich nuclei is studied in the isovector neutron-proton (np) pairing case. As a first step, an expression of the electric quadrupole moment, which takes into account the isovector np pairing effect and which conserves the particlenumber, is established within the Sharp-BCS (SBCS) method. This expression does generalize the one used in the pairing between like-particles case. As a second step, Q 2 is calculated for even-even proton-rich nuclei using the single-particle energies of a WoodsSaxon mean-field. The obtained results are compared with the results obtained in the pairing between like-particles case. It is shown that the np pairing effect, as well as the projection one, is maximal when N=Z.
Introduction
The study of the properties of exotic nuclei is one of the most active areas in nuclear physics. Since the advent of radioactive beams, it is possible to study nuclei far from the valley of stability and in particular proton-rich nuclei [1, 2] . The latter are important for both nuclear physics and astrophysics. Pairing is an important component of nuclear structure studies. However, it is now well established that in proton-rich nuclei, the neutron-proton (np) pairing is no more negligible [3] . Indeed, in this kind of nuclei, identical single-particle orbitals are available for both the protons and the neutrons. This fact allows the creation of np pairs.
On the other hand, the electric quadrupole moment is of particular interest since it is an excellent tool to get information about the deformation of nuclei [4] . Many studies have been devoted to this observable either on the experimental side or the theoretical one. However, most of the theoretical works deal with ordinary or neutron-rich nuclei. Thus, when the pairing correlations are taken into account, it is only in the pairing between like-particles case, even if a projection method is used [5, 6] . As for studies dealing with proton-rich nuclei, they don't take into account the np pairing correlations.
The aim of the present contribution is to study the effect of the isovector np pairing and the particle-number projection on the electric quadrupole moment of some even-even proton-rich nuclei using the Sharp-BCS (SBCS) method. The latter is a generalization of the one used in the pairing between like-particles case [5, 6] .
Formalism
Let us consider a system of N=2P n neutrons and Z=2P p protons. The neutrons and the protons are assumed to occupy the same energy levels. The total Hamiltonian of the system is given, in the isovector case, by [7] [8] [9] [10] : 
where
is the creation (annihilation) operator of a qp of energy ' E  and  is the qp type (=1,2). As the Hamiltonian (2) is still non-diagonal, one has to carry out a rediagonalization, using the method described in Ref. [8] . Ĥ then becomes :
 being the new qp operator and   the new qp energy. The BCS state is the qp vacuum and is given by: However, the state (4) is not an eigen-state of the particle-number operator. It is thus projected using the method described in Refs. [7] [8] [9] [10] . The corresponding wave-function is given by:
with: 
where we set:
In the second quantization and isospin formalism, the quadrupole moment operator reads:
where Q ij are the matrix elements of 2 Q evaluated in the single-particle basis.
Using the wave-function (4), i.e. before the projection, the expectation value of 2 Q may be written:
After the projection, the expectation value of 2 Q is evaluated using the state (5), that is [10] :
One may easily show that at the limit when the np pairing vanishes, Eqs. (7) and (8) reduce to their homologues in the pairing between like-particles case [5] [6] .
Numerical results-Discussion
The electric quadrupole moments of the ground-state of some even-even nuclei such as 0(N-Z)4 have been calculated using the single-particle energies and eigen-states of a deformed Woods-Saxon mean-field. Q 2 has been evaluated using four various approaches: in the pairing between like-particles case, before (Q 2BCS ) and after the projection (Q 2SBCS ), and in the np pairing case before (Q 2BCSnp ) and after the projection (Q 2SBCSnp ). In order to evaluate the np pairing effect, before and after the projection, we introduced the relative discrepancies:
. These quantities are given in the left part of Fig. 1 as a function of Z for various values of (N −Z). In the same way, we introduced the relative discrepancies:
in order to evaluate the projection effect, in the pairing between like-particles case and in the np pairing one. These quantities are given in the right part of Fig. 1 as a function of Z for various values of (N-Z). It then appears that the np pairing effect is not very important, either before or after the projection, since the relative discrepancy 
Conclusion
An expression of the number-projected electric quadrupole moment Q 2 has been established in the isovector pairing case using the SBCS projection method. The electric quadrupole moment of the ground-state of some even-even proton-rich nuclei has been calculated using the single-particle energies and eigen-states of a deformed Woods-Saxon mean-field. The obtained values have been compared to those obtained before the projection and when only the pairing between like-particles is considered. It has been shown that the np pairing effect is not very important, either before or after the projection, since the relative discrepancy does not exceed 12%. However, this effect decreases as a function of (N-Z). In the same way, it has been shown that the projection effect is not very important and is roughly the same in the isovector pairing case and in the pairing between like-particles one.
